The need to augment fish production from the wild has necessitated increased attention in aquaculture. Such culture encourage the use of cheap and readily available feed which brings about increased size and high yield. Fishmeal was substituted (100%, 65%, 35%, 0%) with soybean (0%, 35%, 65% 100%) in Clarias gariepinus diet. One hundred and sixty fingerlings having mean body weight of approximately 10g each, were distributed into eight concrete tanks measuring 1×1×1.5m at the rate of twenty fingerlings/tank and fed albitium. Analysis of variance revealed that the highest value for final mean body weight (71.5 g), specific growth rate (2.3) and Protein Efficiency Ratios (1.48), were observed in diet 3. Glutamic acid was the major amino acid with the highest concentration (1.5 g) in diet 2. There was a decreasing level of Lysine and Methionine with increasing levels of soy bean inclusion, at various treatments. The study has shown that when 35% fishmeal was substituted with 65% soybean, fish yield was not only at its highest production, but was also nutritionally beneficial.
Introduction
As the need to augment fish production from the wild heightens due to increasing demand for fish, there is increased global attention on aquaculture (Owodeinde et al., 2010) . According to El-Saidy and Gaber (2003) ; Siddhuraju and Becker (2003) ; Wu et al., (2004) , aquaculture has become the fastest-growing food production sector in which fish meal is a primary protein source in fish diets. In aquaculture, feeding of culture fish is one of the most important factors that must be considered. Fish like other animals have a requirement for essential nutrients in order to grow properly. Nutrient requirements for fish encompasses proteins, lipids, carbohydrates, vitamins and minerals. Protein being a major constituent in fish diet, presumes that a knowledge of its requirement for fish species was essential for the formulation of a balanced diet. Johnston (2004) reported that fishmeal has always been the commonest and most popular source of protein for commercial fish feed production. However, the high cost incurred in the use of fishmeal as raw material has necessitated researches into the use of plants protein in feed formulation. Among the plant protein sources considered in aquaculture diets, soybean meal is the most widely used ingredient. It was used for the replacement of fish meal at various rations due to their high-protein content and relatively well-balanced amino acid profile, (Koumi et al., 2009) . Furthermore, it has the advantage of being resistant to oxidation and spoilage and is naturally free from organisms such as fungi, viruses, and bacteria that are harmful to shrimp and fish (Storebakken et al., 2000) .
The use of soybean meal as substitute for fishmeal in diets of many fish and marine crustaceans cannot be overemphasized (Davis and Arnold, 2000; Webster and Lim, 2002) . This is because the replacement of fish protein with soya protein has not only improved growth but also reduced the cost of fish production. This assertion is in corroboration with those of El Saidy and Gaber, (2002); Wilson et al.,( 2004) , who reported considerable success after the partial replacement of fish meal with soybean meal in the diet of Oreochromis niloticus. Apparent crude protein digestibility of soybean meal by trout, carp and red sea bream was 90-93% (Yamamoto et al., 2000) . Again, Chou et al., (2001) reported that incorporating soy protein in cobia (Rachycentron canadum) diets at a modest level of (11.5%) was successful. In a similar study, (Fagbenro and Davies, 2001) reported that the results obtained indicated that 50% of fish meal protein in practical catfish diets was replaced with soybean flour.
However, some challenges exist in using soybean as fishmeal substitute in fish diets. This is because it contains some anti nutritional factors that are known to affect growth and health of the fish (Storebakken et al., 2000) and (Hendricks, 2002) . For instance, in Atlantic salmon and rainbow trout, soybean meal was found to cause distinct morphological alterations in the intestine. In addition to impaired growth and protein utilization, the effects escalated with increasing dietary levels (Krogdahl and Bakke-McKellep, 2001 ). Dietary soybean meal also appear to stimulate immune responses because of inflammation in the distal intestine of some fish species (Krogdahl et al., 2000) . However, the concentration of these anti nutrients can be reduced by proper heat processing.
In response to the rising need for more research into fish nutrition that will utilize locally available ingredients without reducing the quality of fish feed, the study was undertaken to establish the optimum replacement ration of fishmeal with soybean meal in the diet of Clarias gariepinus, it will ascertain the survival rate, growth response, and overall performance of Clarias gariepinus fed rations of soybean as well as determine the composition and concentration of Amino and fatty acid present in the carcass of fingerlings receiving various treatments.
Materials and Methods

Study Area
This study was conducted in the experimental tank unit of the Department of Fisheries, University of Benin for a period of twelve (12) weeks, June to August, 2012.
Tank Preparation And Experimental Set Up
The experimental set up consists of eight concrete tanks whose dimension was 1×1×1.5m. After the tank was checked for leakage, it was thoroughly washed to ensure the removal of dead algae and other organisms that may adversely affect water quality. Water was appropriately impounded into the tanks.
Experimental Fish
Good stock fingerlings were purchased from NIKSEG fish farms in Benin City. One hundred and sixty (160) fingerlings of Clarias gariepinus were randomly selected and distributed into the tanks at the rate of 20 fingerlings per tank. Forty-eight hour period was allowed for acclimatization of the fingerlings. The initial weight of the fingerlings were taken after acclimatization, before feeding commenced. They were fed to apparent satisfaction (ad-libitum) twice daily at 9.00 am and 4.00 pm. The weights of the fingerlings were taken bi-weekly all through the 12 week culture period.
Experimental Diets
Four iso-nitrogenous diets comprising of 35% dietary protein levels were formulated. The major source of protein in diet 1, (control) was fishmeal. The fishmeal protein was substituted at a rate of 35 %, 65 %, and 100 % with soybean meal in diets 2, 3 and 4, respectively. Synthetic methionine and lysine were added to the 4 th diet at the rate of 0.2kg each in order to make up for their deficiency in that diet. Individual weights of the ingredients were arrived at by Pearson square method. These ingredients were then milled, mixed, produced into pellets and stored in a cool dry place according to Bolorunduro, (2002) . The ingredients used and their relative contributions by weight in the diet is shown in Table 1 . About 2.0g of each ingredient was weighed into the extraction thimble and the fat extracted with chloroform/methanol mixture using a soxhlet extraction apparatus (AOAC, 2003) . The extraction lasted for 5 to 6 hours.
Hydrolysis of sample
Between 30 to 35 mg of each defatted sample was weighed into glass ampoule, 7 ml of 6 N HCl was added and air was expelled by passing nitrogen into the ampoule in order to avoid possible oxidation of some amino acids during hydrolysis. The glass ampoule was sealed with Bunsen flame and put in an oven at 150 ± 5 0 C for 22 hours. The ampoule was allowed to cool before the content was filtered. The filtrate was evaporated to dryness at 40 0 C under vacuum in a rotary evaporator. The residue was dissolved with 5 cm 3 of acetate buffer and stored in a plastic specimen bottle which was kept in a deep freezer.
Sample analysis
The method of analysis used was Ion-Exchange Chromatography (IEC) (FAO/WHO, 1991) . The amount loaded for each of the samples was between 5 to 10 l. This was dispensed into the cartridge of the analyzer designed to separate and analyze free acid, neutral acid, basic acid, and amino acid of the hydrolysates. The period of analysis lasted 76 minutes for each sample. The liquid flow rate in the column was 0.5cm3/min and the column temperature was maintained at 60 0 C. It has reproducibility consistence within ± 3%.
Lipid Extraction and Fatty Acid Analysis
Lipid determination was carried out using the modified Bligh and Dyer procedure (AOAC, 2003) . Methanol and chloroform were used as solvents at the ratio of 1:1. The fatty acids were converted to their methyl esters and heptanes. Internal standards were employed for estimation of actual fatty acids in the fat. Identification and quantification of fatty acids was carried out by gas chromatography according to (AOAC, 2003 Transparency: This was measured daily and recorded with the aid of a Secchi Disc, following the procedure proposed by (Swann, 2006) Apart from water quality parameters such as temperature and transparency that were measured in-situ, every other water quality parameter was analyzed at SPLENDID RESEARCH LABORATORIES, at Kilometer 9, Ugbowo, Lagos Road, opposite Eddy Grace Petrol Station, Isihor, Benin-City, Edo State, Nigeria.
Growth Parameters
Determination of parameters such as Specific Growth Rate (SGR), Survival Rate (SR), Food Conversion Ratio (FCR), and Protein Efficiency Ratio (PER), were conducted according to De Silva and Anderson (1995) . Parameters measured include • Initial body weight of the fingerlings before feeding commenced.
• Final body weight of the fingerlings at the end of the experiment.
• 
Statistical Analysis
The experiment was completely randomized with replicates. Means and standard deviations (±SD/range) were computed. Significance of variations in the growth parameters were tested with one way analysis of variance, ANOVA, while means were separated with the Duncan Multiple Range Test.
Results
Some Water Quality Parameters
Water quality parameters recorded during the study revealed that they were maintained at optimal levels conducive for the ideal culture of fingerlings. Temperature data, ranged between 27-28 0 C while dissolved oxygen levels, ranged between 5.67 to 6.17mg/l, Table 2 . 3.2 Growth Parameters le 3, shows the initial body weight per fingerlings, which were about the same at the beginning of the experiment. Final body weight on the other hand showed significant differences between treatments. For instance, fingerlings fed diet 3 recorded the highest final mean body weight 71.5g, followed by diet 2 with a record of 68.75g while the least value (52.5g) was recorded in fingerlings fed on diet 1, which incidentally was the control treatment. In terms of Food Conversion Ratio (FCR), the highest value (7.13) was recorded in fingerlings belonging to diet 1, while diet 3 recorded the least value (4.93). Means with the same alphabet on the vertical column are not significantly different at (p>0.05)
Amino Acid Composition
ANOVA data for amino acid composition of the fingerlings is shown in Table 5 . The table revealed that diet 2 recorded the highest value 0.82 in Alanine content. It was followed closely by diet 3 which had a value of 0.78, with diet 4 recording the least value 0.76. Also diet 4 recorded the highest lysine concentration of 0.93g while diet 1 recorded the lowest value 0.76. Methionine composition was highest in fingerlings fed diet 4 which had a value of (0.54), followed by fingerlings fed on diets 2 and 3 which recorded values of (0.49 and 0.42) respectively. Fingerlings placed on diet 1, recorded the least value (0.38). Means with the same alphabet on the horizontal rows are not significantly different at (p>0.05) FM= Fishmeal and SBM= Soy bean Meal.
Fatty Acid Composition
Analysis of variance for fatty acid composition of fingerlings fed various diets is shown in Table 6 . It revealed that fingerlings fed diet 2 had the highest concentration of linoleic acid (25.69g), closely followed by those fed diet 1 which recorded a value of 25.55g. Fingerlings on diet 3 recorded the least value: 23.63g. In terms of Palmitic acid, diet 1 had the highest concentration: 26.18g while the least concentration was recorded for diet 4 which had a value of 25.38g. Means with the same alphabet on the horizontal rows are not significantly different at (p>0.05)
Discussion
Water Quality Parameters
Water quality parameters were maintained within acceptable ranges for aqua-cultural practice according to Swann (2006) . Table 3 indicated that soybean inclusion in diets of Clarias gariepinus fingerlings resulted in better body weight gain, growth rate, and protein conversion efficiency. Data in Table 3 also show that Clarias gariepinus fingerlings performed better, when fed diet in which 65% fishmeal was replaced with 35 % soybean meal. This value exceeds that obtained by (Fagbenro and Davies, 2001 ) where only 50% fishmeal was replaced by 35 % soybean flour for catfish diet. It is however not surprising to note that the fingerlings placed on diet 4 (100% soybean meal) did better than those fed diet 1 (100% Fishmeal). For instance, while fingerlings placed on diet 1 recorded a final weight and mean weight gain of 52.5g and 42.5g respectively, those placed on diet 4 recorded 66g and 56g for the same parameters. This superior performance, could be attributed to the supplemental Essential Amino Acids (lysine and methionine) that was added in the 4 th diet. This further lends credence to the submissions of Chang et al., (2003) who demonstrated that supplementing plant protein with lysine and methionine in low protein diet was beneficial for catfish growth and performance. The lower food conversion ratio of 4.93, recorded by fingerlings fed Diet 3 is an indication that it is of better quality than the other diets. According to Ugwumba and Ugwumba, 2007) , lower food conversion ratio indicate higher protein conversion efficiency which results in better growth. Survival rate amongst the treatments was not significantly different. The mortalities recorded could be attributed to handling stress as the mortalities were usually recorded after the occasional sampling of fingerlings.
Growth Parameters
Proximate Composition Of Fingerlings
The Fat content of fingerlings, for all treatments was above 5%, hence Clarias gariepinus can be described as a fatty fish (Tocher et al., 2008) . However, fat content of fish was highest in fishes fed diet containing 65% soy protein and 35% fishmeal and which recorded a value of 19.35% in Table 4 . Moisture content of fingerlings were not only relatively high but statistically significant in all treatments. This observation agrees with that reported by (Adefemi, 2011) who stated that such moisture content enables fish become more susceptible to deterioration if kept unpreserved for long after harvest. Crude Fiber composition of the diets ranged between 1.04g to 1.09g and showed no particular trend relative to increasing levels of soy protein composition.
Amino Acid Composition
The data in Table 5 indicate that Glutamic acid whose values ranged from 1.29g to 1.5g had the highest concentration among the amino acid profile. Diet 2 recorded the highest value of 1.5g. This observation is in agreement with similar studies conducted by (Adeyeye and Adamu, 2003) . The table also revealed that lysine and Methionine compositions increased with increasing levels of soybean inclusion in the diet, as a result of their inclusion in the diet. Chou et al., (2001) , are of the opinion that lysine and Methionine are the limiting amino acids in most plant protein sources. Threonine, which is also an essential amino acid component, slightly decreased with increasing levels of soybean inclusion. This is a clear indication of its essentiality as it cannot be efficiently synthesized in the body of the fish (Yamamoto et al., 2000) There was a noticeable decrease in palmitic acid concentration with an increasing level of soybean inclusion in the diets. Table 6 revealed that fingerlings fed diet 1 had the highest palmitic acid concentration level of 26.18g, with diets 2, 3 and 4 recording 25.96g, 25.44g, and 25.38g respectively. This trend however does not agree with the views of Osibona et al., (2006) who opined that palmitic acid is a key metabolite in fish whose level is not affected by diet. Oleic acid, which is the major monounsaturated fatty acid in the fingerlings under study, showed no trend, relative to soybean inclusion. This fatty acid according to Osibona et al., (2006) is of exogenous origin and subject to the types of feed consumed by fish. The Poly-Unsaturated Fatty Acids (PUFA) present in the fingerlings include linoleic and linolenic acid. Linolenic acid which as an omega-3 fatty acid, has a range of 23.6g to 25.69g making it the next major fatty acid in the fish, after palmitic acid. It is well-known that essential -3 fatty acids has beneficial effect on human health, primarily in prevention and healing of cardiovascular diseases, and are important factors in neurological development (Arts, 2001) . The fatty acid composition of fingerlings in the present study, imply that it contains the basic quantity required by man.
Conclusion and Recommendation
The use of a readily available, economically viable plant protein source, enhance the economic sustainability of aquaculture. It is also very important that such protein source should contain very low anti-nutrients, good amino acid profile and various supplements to improve nutritional balance and palatability of the feed. Soy protein has without doubt, met these requirements. Although the present study did not look into the economics of production, however based on the ease of cultivation and low cost of procuring soybean meal in comparison to fishmeal, it could be recommended that farmers utilize soybean to partially replace fishmeal up to 65% in fish diet. This will enable the farmer cut down on cost of production without compromising the quality of the fish.
